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N O T I C E  

This  report was prepared as an account of Government-sponsored work. 
Neither the United States nor the National Aeronautics and Space 
Administration (NASA), nor any person acting on behalf of NASA: 

A )  Makes any warranty or representation, expressed or  implied, with 
respect t o  the accuracy, completeness, or'  usefulness of the  infor- 
mation contained in t h i s  report, o r  tha t  the use of any information, 
apparatus, method, or  process disclosed in  t h i s  report may not 
h f r i n g e  privately-owned rights; o r  

B) Assumes any l i a b i l i t i e s  with respect t o  the use of, o r  f o r  damages 
resulting fromthe use of any information, apparatus, method or 
process disclosed in t h i s  report, 

As used above, "person acting on behalf of NASA" includes any employee 
or  contractor of NASA, or employee of such contractor, t o  the  extent 
tha t  such employee or contractor of NASA or employee of such contractor 
prepares, disseminates, o r  provides access to ,  any information pursuant 
t o  h i s  employment or contract with NASA, or his  employment with such 
contract o r  e 
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FOREWORD 

This report describes work accomplished under Contract NAS 3-2540 
during the period December 21, 1963 to March 21, 1964. 
being administered by R. T. Begley of the Astronuclear Laboratory, 
Westinghouae Electric Corporation. 
the experimental investigations. 

This program is 

G. G. Less- and D. R. Stoner performed 

P. E. Moorhead of the National Aeronautics and Space Administration, 
i s  Technical Manager of this program. 
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I. INTRODUCTION 

This is the Third Qmrterly Progress Report describing work 
accomplished under Contract NAS 3-2540. The objective of t h i s  program is 
t o  ,detemin%.n-~he w?l@bility and long time elevated temperature s t a b i l i t y  
of promising refractory met81 U o y z !  fn order t o  determine thoae most 
suitg;f2_l_e_ .g~r,,t&S~ in advanced alkali apace eleckr3.c- parer ..smt_elns. A 
detailed discussion of the rogram and program objectives was present-& i n  
the F i rs t  Quarterly R e p o r t .  t-- -- - 

A chronological outline of t h i s  study is shown in  Figure 1, while 
those alloys  t o  be ineluded in the investigation are l i s t ed  i n  Table 1. 
Each a l lay  w i l l  receive essentially the same evaluation, though as the 
program evolves certain alloys may require tests tailored t o  anique responses 
t o  test conditions. 
and 0.375 inch plate, with the exception of W-25% Re, analloyed W, and 
Sylvania "An which will be evaluated only in sheet form. 
shielded arc  and electron beam welding processes will be used. 

Allays w i l l  be tested i n  the  form of 0.035 inch sheet 

The iner t  gas 

Process and test controls eqloyed throughout this program emphasize 
the  important influence of the i n t e r s t i t i a l  elements, carbon, oxygen, and 
nitrogen, on the  properties of refractory metals and the i r  alloys. 
test procedaree are reqyb-ed, including continuous monitoring of the w e l d i n g  
chamber atmasphere for oxygen and water vapor levels,  electron beam welding 
a t  low pres8ure8, aging i n  furnaces employing hyckocarbon free pumping sptaas 
providing pressure8 less than 10-8 Torr, and chemical sampling following 
successive stages of the  evaluation for verFfication of these process controls. 

Stringent 

1 



I WELDABILITY I 

A G I N G  

TEMPERATURE RANGE - 150OoF TO 3200OF 
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TIME - T O  10,000 HOURS 
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WELDING 
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TABLE 1 - Alloys Lrcladec! i n  t h e  Weldabili ty 
and Thernai S t a b i l i t y  Evaluations 

._____.----- - ~ -  
Mominal Composition 

!Alloy Veight Percent 
-.- I 

AS-55 

B-66 2- 

C-129Y i.‘ 

Cb-’752 

D-43 :*: 

FS-85 

SCb-291 

T-111 

T-222 

Ta-1OW 

ti-25 R e  

w 
Sylvania “A :I 

Cb-Yd-lZr-O.2Y-0.06C 

Cb-5Ko-SV-lZr 

Cb-1ULS-lOHf +Y 

Cb-lO’vJ-2.5Zr 

Cb-1OW-lZr-O.lC 

Cb-27Ta-lOW-lZr 

Cb-lOW1OTa 

Ta-8N-2Hf 

Ta-9.61.5-2.4Hf -0.01C 

Ta-lOii  

w-25~e 

Unalloyed 

+O. 5Hf -0.02C 

- - - ~  

Note: A l l  alloys t o  be from arc-cast  and/or 
e lec t ron  beam melted material except 
Sylvania “A I’ 

3 
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11. SU#HARY 

Purchase orders have been placed fo r  t h e  thir teen alloys l i s t ed  
The dellvery status of 

Test data f o r  seven of these are included in 
i n  Table l a n d  have been f i l l e d  for  eight alloys. 
alloys is shown i n  Table 2. 
t h i s  report. 
sional, chemical, and metallographic inspection. 

Incoming inspection of t h i s  material included Visual, dimen- 

A study of the effects of weld parameter variations was in i t ia ted  
on seven alloys. 
for  FS-85 and Ta-1OW. 
C-l2))Y, Cb-752, 0-43, and SCb-291. Bend test results on welds and base metal 
a re  summrised in  Figure 17. 
w i l l  be deferred for a l a t e r  report when the weld t e s t  series has been 
completed. 

The electron beam welding effor t  of t h i s  phase completed 
TIG w e l d i n g  was ini t ia ted f o r  these and for -6, 

Analyses and discussion of the welding data 

Restraint weld t e s t s  were completed fo r  the available alloys. 
Bead-on-plate patch t ea t s  for sheet material and circular groove restraint 
t e s t s  for  These t e s t s  were described in earlier 
reports.lt3 

l a t e  material were used. 

A doable Wn butt weld joint configuration was test welded for each 
alloy and fouhd t o  be satisfactory f o r  welding the 3/8 inch plate. 

Further modification of the TIG weld atmosphere monitoring equip- 
ment was required. This system is now working satisfactorily.  

TIG w e l d  chamber too l ing  was installed and performed sat isfactor i ly  
during i n i t i a l  weld tests. 
narrow clamp spacing and are being replaced wi th  molybdenum inserts. 

Copper clarnp bar inser ts  were trouble8ome a t  

An evalua ion was made of the effect of variation of vacuum pressure 
i n  the range of 10-8 t o  loe5 Torr on EB weld contamination. These results 
are  being compared with the best TIG welding atmosphere. 
noted in pickup of contaminants i n  t h e  EB welds. 
ref lect  any difference. 
emphasis throughout the program. 

No differences w a r e  
Bend test resul ts  did not 

This type of process check w i l l  receive continued 

A series of weld chamber glove tests was in i t ia ted  in an effor t  t o  
identify the  most suitable glove material. 
useful in t h i s  respect since it permits measuring the  decay of atmosphere 
quality as  a function of time for  different glove types. Neoprene, butyl 
rubber, and polpiny1 chloride gloves have been tested. A l l  of theae have 
limitations. The polyvinyl chloride gloves w e r e  unsatisfactory. Additional 
glove tests are  anticipated. 

The monitoring system proved most 

4 
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Four ultra-high vacuum aging furnaces for use in the thermal 
s tab i l i ty  studies were checked out at the factory, delivered, and installed. 
These units are described in t h i s  report. 

5 
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111. TECHNICAL PROGRAM 

The procurement status of the alloys included in  t h i s  program is 
All alloys ordered are being produced from arc cast (or shown i n  Table 2. 

EB melted) ingots except Sylvania “Aff which is consolidated by powder 
metallurgy. The tungsten base alloys are being evaluated i n  sheet form only. 
The investigation of unalloyed tungsten and Sylvania “A” will be more limited 
i n  scope than f o r  the other a l l o p  because of the  special handling problems 
associated with the  brit t leness of these alloys. A l l  material received has 
been satisfactory as determined by visual, dimensional, metallographic, and 
chemical ( i n t e r s t i t i a l s  only) inspection except T - l l l  w i r e  which was found 
t o  be contaminated. Chemistry hardness and grain s i z e  data f o r  as-received 
material are summarized i n  Tables 3 and 4. 
material are s h m  i n  Figures 2 through 6. 
in the second qu91-terly report. 
plate, is i n  the recrystallized condition. 

Photomicrographs of the as-received 
Alloys not shown were  included 

All plate and sheet material, except D-43 

B. WELDIHG EVALUATIONS 

1. Procedures 

a. TIG Welding: Tungsten iner t  gas shielded arc welding is 
being conducted in  a vacuum purged and backfilled w e l d  chamber. 
butt welds are being made automatically by fusion only without the  addition of 
f i l ler  wire. 
automatia techniques w i l l  a lso  be explored. 
employed for arc  ini t ia t ion,  

All sheet 

Plate welds will generally be made manually although semi- 
In both cases high frequency is 

Process variables have been minimized within practical  limits 
consistent with the objectives of obtaining a comparative weldability rat- 
f o r  each alloy and a measure of alloy sensit ivity t o  w e l d  process variation. 
Emphasis i n  the welding evaluation is directed towards identifying effects 
arising from variation of w e l d  freesing rate, cooling rate, and unit weld 
length heat input rather than current, speed, and voltage per 88. For t h i s  
purpose the  number of extraneous weld variables has been minimized. 
configuration, arc gap, and shielding gas (helium) are being kept constant. 
This permits variation of weld speed (freezing rate) ,  clamp spacing (cooling 
ra te) ,  and weld s i ze  (are current). 
used. The same power supply will be used throughout t h i s  evaluation. 

Electrode 

Straight polar i ty  DC current ie being 

The vacuum urged weld chamber and power supply have been described 
i n  an earlier report.? In preparation for welding,  the  chamber is evacuated 
by overnight pumping t o  5-9 x 10-6 Torr and checked for a leak rate of leas  
than 4 x 10-5 Torr per minute. Elackfilling is accomplished rapidly (within 

7 
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TAEU 4 - Hardness and Grain S ize  of As-Received Material 

Hardness ASTI4 
Alloy Form DPH Grain S ize  

B-66 

D-43 

Fs-,a5 

Cb-752 

SCb-291 

C-129Y 

T-111 

Ta-1OW 

P l a t  e 
Sheet 

P l a t  e 
Sheet 

P l a t  e 
Sheet 

P l a t e  
Sheet 

P l a t e  
Sheet 

P l a t e  
Sheet 

P l a t e  
Sheet 

P l a t e  
Sheet 

225 
a 9  

202 
220 

a5 
190 

204 
205 

160 
175 

218 
185 

223 

19'7 
221 

6 
10 

5 

'7 
8 

8 
8-9 

6 
6 

10 

6-7 

8 
6-7 

9 



0.082 ' I  Wire 

2796 

0.035" Sheet 

3628 

3630 
Longitudinal 

0.375" Plate 

F I G F E  2 - Hicros t ruc tures  
( HN03-NHbF. HF E 

2797 

3629 

3631 
Transverse 

of As-Received B-66, lOOX 
ch 1 



0.082 ' I  Wire 

3744 3745 

2808 2809 

3746 
Longitudinal 

0.375 If Plat e 

3747 
Transverse 

FIGWB 3 - l t icrostructures of As-Received C-129Y, lOOX 
(HNO+H~F*HF Etch) 
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0.082:' Wire 

3322 

0.03 5 'I Sheet 

3323 

2800 2801 

50X 2625 

Longitudinal Transverse 

FIGURE 4 - Plicrostructures of As-Received Jl-43. lOOX Ekcept 
A s  Noted (HN03-NH4F'HF Etch) 
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0.082" Wire 

0.03 5 !' Sheet 

0.375" Pla te  

3 743 

37w 

53 70 5371 
Longitudinal Transverse 

FIGURX 5 - Microstructures of As-Received FS-85, lOOX 
( HNO~-NH~F- HF Etch) 



0.082" Wire 

2806 

0.03 5 Sheet 

2802 

0.375 'I Plate 

3326 
Longitudinal 

2807 

2803 

3327 
Transverse 

FIGTJIE 6 - ICicrostructures of As-Received SCb-291, lOOX 
(HNO~-NH~F*HF Etch) 



one minute) t o  minimise contamination. 
monitored during welding fo r  oqygen and moisture content. 
of the weld atmosphere immediately a f te r  backfilling is consistently l e s s  
than 5 ppm (generally 1 t o  3.5 ppm) and does not increase significantly 
during a normal weld run of two t o  t h e e  hours. 
a re  generally between 0 and 0.5 ppm and r i s e  continuously t o  a level  of 
3-5 p p  during normal weld runs. The monitoring system is described i n  
de t a i l  in previous reports,l,2 while the most recent performance data are 
presented fn Section 111, C of t h i s  report, 

The weld chamber atmosphere is 
The oxygen level  

Backfilled moisture levels 

The sheet butt w e l d  set-up i s  s h m  in Figure 7* The welding 
electrodes are machine ground t o  the dimensions shown. 
extension from the  torch shank as well as the arc gap is fixed. 
weld fixturing, water cooled torch, and drive table are sham in Figure 8. 
The drive table  is fabricated from aluminum, the clamp down ffxture fram 
stainless s t e e l  with copper or molybdenum inserts, and the torch from copper. 
Torch cooling water is  supplied through flexible convoluted stainless steel 
tubing. The 
manual welding torch (not shown) consists of a water cooled copper electrode 
holder t o  which water is also furnished by flexible s ta inless  steel hose. 
Welding current is conducted in concentric layers of shielding cable attached 
t o  the outside of the flexible tub-. 
insulation. 

The electrode 
The actual 

The tubing is s i lver  soldered t o  the torch and feed throughs. 

rrTggonff is used f o r  e lectr ical  

Sheet specimens of colambiiun and tantalum al loys are prepared fo r  
welding 
centrated n i t r i c  acid, 25% hydrofluoric acid (50% concentration) and 50% t ap  
water (by volume), 
Immediately after pickling, all material is rinsed f o r  one minute in cold 
circulating tap water, then in hot water, then in dis t i l l ed  alcohol and hot 
a i r  dried. Following cleaning and picklfng, only clean cotton gloves are 
used f o r  handling these alloys. 
new polyethylene bags or wrapped i n  new aluminum f o i l .  

shearing and pickling in an acid solution containing 25% con- 

AppraPimntely 0.5 t o  1 mfl per surface is removed. 

Cleaned and pickled spechens are stored in 

Pla t e  specimens are prepared for welding by cutting and machining 
and then pickling and handling in the same manner as sheet material. 
selected joint  preparation is shown in Figure 9. 
satisfactory f o r  a l l  alloys received t o  date. 
clearance without the addition of f i l l e r  m e t a l .  
columbium base al loy and three for "a-low, with f i l ler  wire added manually 
on each side complete the butt weld. 
Specimen f la tness  is controlled by alternate welding on opposite sides of 
t h e  weld joint. A typical weld schedule f o r  the  plate butt  welds is shown 
i n  Figure 10. Plate butt weld t e s t  samples fo r  seven alloys are  shown in  
Figures 37 through 40 along with circular groove rest ra int  t ea t  specimens. 
difficulty was encountered in welding these except the root pass in B-66 
required heavy end tacks t o  avoid hot tearfig. 

The 
This configuration has proven 

The root pass is made a t  sero 
Additional passes, two Yor 

The f i l ler  wire diameter is 0.082 inches. 

No 

&cellent joint  f la tness  was 



STAINLESS 
STEEL BASE 
AND CLAMP 
BARS 

3/32 IN. DIA 
(CENTERLESS 
GROUND) 

3/16 IN. 

WATER COOLED 
COPPERTORCH \I I 
HOLDER 

1/32 IN. DIA. T 
1 1 1  2 %  THORIATED TUNGSTEN 

ARC GAP 
0.062  INCH^ 

1 IN. / 

I I 

/ \COPPER OR MOLYBDENUM 
INSERT CHILL BLOCKS 

FIGURE 7 - Weld Set-up For TIG Sheet Butt Welds 
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FIGURS 8 - TIG Butt Neld Fixtures 
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3 
32 I 

596922A 

FIGURE 9 - Plate But t  Weld Joint Configuration 
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WZLD 321 - SCb-291 B u t t  Weld, 3/8 Inch Plate. Wire Required 
11 Inches x 0.082 Inch Diameter 

1. 

2. 

3 .  

4. 

5 .  

6 .  

7. 

Tack welded in center and a t  one end of joint. 

in clamp down fixture. 

Positioned 

155 amperes. 

Fusion pass on s i d e  #l. 300 amperes. Continuous weld 

from one end. One s i d e  of joint  clamped, other side 

cantilevered. 

Fusion pass on s i d e  #2. 280 amperes. Specimen supported 

along each edge on copper blocks. Continuous weld. 

F i r s t  f i l l e r  pass on side #2. 300 amperes. Continuous 

weld. 

F i r s t  f i l l e r  pass on side #l. 300 amperes. Continuous 

weld, 

Second f i l l e r  pass on s i d e  #2. 280 amperes. Continuous 

weld. 

Second f i l l e r  pass on s i d e  #1. 280 amperes. Continuous 

w e l d .  

Final Monitor Readings : 2.4 ppm H20, 3.4 ppm O2 

FIGURE 10 - Weld Schedule for SCb-291 Butt Weld in 3/8 Inch 
Plate. m i c a 1  for Columbium Base Alloys. 

19 
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maintained in producing these joints. Dye penetrant t e s t s  were all negative. 

b. Electron Beam Weld- Procedures: A Hamilton-Zeiss 2KW 
high voltage electron beam welder is used f o r  a l l  electron beam welding. 
high voltage welders (150KV) operate w i t h  most effective beam size control 
i n  the higher voltage ranges, i n i t i a l  parameter evaluation included accelerat- 
ing voltages of 100 and 150KV. 
the accelerating voltage range had no significant control of the  weld bead 
shape i n  0.035 inch sheet, consequently a constant voltage was picked t o  
allow a greater choice of other parameters. 

Since 

Preliminary weld examination indicated tha t  

Following preliminary welding trials, the plan of parameter 
evaluation shown in  Figure 11 was adopted. This combination of welding para- 
m e t e r s  produced a general trend of increasing power input per unit length 
of weld with decreasing weld speed as shown i n  Figure 12. 
expected t o  produce a dis t inct  change in the freezing r a t e  of the weld m e t a l ,  
and coupled with a significant change i n  c h i l l  spacing is expected t o  produce 
a continuously varying s h e  and thermal history of the heat affected zone. 
Aluminum clamps, machined with weld centerline t o  c h i l l  spacings of 0.250 
inch and 0.095 inch, a re  shown i n  Figure 13. S i x  welding fixtures are avail- 
able, permitting economical use of t h e  operator and equipment. 

All sheet welds were butt  welds of two 1/2 inch wide by 6 inch long 
specimens. 
prevent ''burn through" of s l ight ly  misaligned edges. Following machining, all 
specimens w e r e  cleaned, pickled, and handled using the same procedures as f o r  
TIG weld specimens. 

This trend is 

The narrow beam size, 0.010 inch, required machined edge8 t o  

Welding parameters were developed by material penetration trials 
aimed a t  measuring the amperage required for 100% penetration. 
for the actual weld passes were increased 10% t o  insure cmplete penetration 
under the  normal variation i n  welding conditions. 

t o  achieve the smallest beam size possible. Transverse and longitudinal beam 
deflection, Figure 14, was sbUarly measured on a tungsten target. Using 
t h i s  p e r  and beam adjustment procedure, variations i n  weld bead s ize  and 
penetration between different allays and w e l d i n g  parameters will be midmized. 

Pawer settings 

A t  each mer set t ing the beamwas focused optically prior t o  w e l d i n g  

N o m  frill penetration electron beam welds will produoe a vapor 
deposited coating of the  clamp material on the underbead side of the welds. 
Backup s t r i p s  of the same composition as the weld spechens a re  used t o  mini- 
mize t h i s  source of contamination. 

Early welds were made a t  a chamber pressure prior t o  w e l d i n g  of 2 x 
10-5 Torr, while the balance of the Ta-1OW and FS-85 welds w e r e  made at  5 x 10-6 
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F I G U F E  13 - EB Sheet Sutt Keld Clamps 
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Torr. 
a f t e r  an overnight pumpdm are  1.5 x lo4 Torr. 
sublimation pmnp t o  further reduce the pumpdawn time and ultimate operating 
pressure i s  contemplated. 

Present chamber operation includes a bakeout cycle and ultimate pressures 
The addition of a titanium 

c. Bend Test : Equipment for  bend testing was described 
in an earlier report w The bend test fixture is equipped with a =quid 
nitrogen cryostat and heater t o  provide f o r  tes t ing a t  any tauperature f r o m  
-320OF t o  +700OF. Testing procedures are f a i r l y  straightforward. The bend 
spechen i s  bent t o  an angle of 90"-105" after springback. 
b r i t t l e  t ransi t ion temperature is identified as the lowest temperature a t  
which a 90" bend can be made without cracking on t h e  tension s ide of t h e  
specimen. 
penetrant techniques. As 
defined by t h i s  figure, both longitudinal and transverse bend t e s t s  a re  
being run in t h i s  program. 
used throughout t h i s  report is shown i n  Figure 16. 

The bend ductile- 

Specimens a re  checked for  cracks using both v isua l  and dye- 
Bend test parameters are  shown in Figure 15. 

The method of presentation of bend test results 

2. Sheet Weld Evalaation 

Initial w e l d i n g  studies are directed towards determining the  effects 

The w e l d  bend ductile-to-brittle t ransi t ion tempera- 
of weld process and parameter variations on weldment bend ductile-to-brittle 
t ransi t ion temperatures. 
ture i s  an established weldability cri terion fo r  refractory metal alloys, and 
because of refractory alloy s e n s i t i v i t y t o  i n t e r s t i t i a l  contaminants, bend 
tes t ing a l so  provides a measure of weld atmosphere qyality. 

This i n i t i a l  survey has a dual purpose. 

A significant increase i n  transit ion temperature is  naturally 

Refractory m e t a l  alloys 
generally snffer an increase in ductile-to-brittle t ransi t ion temperature with 
welding. 
undesirable. 
t o  compare the alloys on the basis of loss of duc t i l i ty  with welding. 
a b i l i t y  i n  t h i s  sense will be defined both by the lowest as-welded bend 
t ransi t ion temperature obtainable and also by the t ransi t ion temperature range 
for each al loy which is a measure of alloy sensi t ivi ty  t o  variations i n  weld 
schedules, 
provide data which a re  sufficiently comprehensive t o  permit making an intel3.i- 
gent selection of weld parameters fo r  use in the thermal s t ab i l i t y  studies, 

Hence, the first purpose of the weld parameter investigation is 
Weld- 

The second purpose of the weld parameter investigation is t o  

The degree of completion of the  weldability phase varies from allay 
t o  alloy. 
data w i l l  naturally be modified as the program procedes. 

A current sumnary of bend t e s t  data i s  given i n  Figure 17. These 

Weld bend test results are presented by al loy in Figures 18 through 

A l l  bend tests were conducted using a It bend radius (0.035 inch) axcept 
35 while corresponding welding parameters a re  presented in Tables 5 through 
13. 
the FS-85 electron beamwelds which were tested using a 2t bend radius. The 
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TABLE 5 - B66 Shed. TIG Ehtt Weld Parameters 
~ 

claaq, 
Weld Spacing 
No. (Inch) 

1 3/8 

2 3/8 

Speed Current 
(ipm) Amperes 

15 50 

15 70 

Weld Width 

(Inch 

0. U / O .  07 

O.l3/0.08 

O . U / O . l l  

0.12/0.075 

Top/Bottom 

I I I 

Comments 

Visual w e  
Inspect ion Check 

Negative Negative 

Negative Negative 

1/2" e Positive 
Starting Crack 

Edge Flash (1) Negative 

3 

4 

Hote: 

(1) 

Atmosphere monitored ( 4 5  ppm 0, and42 ppm moisture) 

Believed to  result from narrow clamp spacing. 

1/4 15  80 

1/4 30 90 
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clamp 
Spacing 
(Inch) 

3/8 

318 

114 

1/4 

TABLE 6 - C-129Y Sheet. TIC Bntt Weld Parameters 

Weld Width 
Speed Current Top/Bottom 
(ipm) Amperes (Inch 

1 5  70 0.15/0.10 

30 110 0.18/0 13 

15 80 0.15/0.ll 

30 102 0.15/0.12 

Weld 
No. 

Negative 

Negative 

Negative 

Negative 

cannnents 
I 

I c z c  I Visual 
Inspection 

Edge Flash I Negative I 
I Edge Flash (l) I Negative 

Note: Atmosphere monitored ( L  5 ppm 0, andL3 ppm moisture) 

(1) Believed to  result from narrow clamp spacing. 
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Weld 
No. 

1 

2 

3 

4 

TABLE 7 - Cb-752 Sheet. TIG Butt Weld Parameters 

cl=P 
Spacing 
(Inch) 

3/8 

3/8 

1/4 

1/4 

Speed 
( i P )  

15 

30 

15 

30 

conrments 
Weld Width ' -  

Current Top/Bottom V i s u a l  Dse 
Amper- ( Inch 1 Inspection Check 

70 O.l3/0.08 Negative Negative 

110 0.16/0.U, 1/8" HA2 1/8" HAZ 

80 0.16/0.12 Edge Flash(') Negative 

100 O.l4/0.10 Edge Flash Negative 

Crack Crack 

Hots: 

(1) 

Atmosphere monitored ( L 5  ppm 92 andL3 ppm moisture) 

Believed t o  resul t  from narrow clamp spacing. 
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TABU 8 - D-43 Sheet. TIG Butt Weld Parameters 

Speed 
(ipm) 

15 

15 

15 

30 

Weld 
No 

~~ 

Comment s 
Weld Width ' 

Current Top/Bottom V i s u a l  V e  
Amperes ( Inch Inspection Check 

60 0 e 10/0.02 Negative Negative 

80 0.18/0.18 Negative Negative 

80 0. U+/O. I 2  Edge Flash(') Negative 

100 0. U/O. 09 Negative Negative 
I 

3/8 

3/4 

1/4 

1/4 

Note: 

(1) 

Atmosphere monitored ( 4 5  ppm 02 and43 ppm moisture) 

Believed t o  result from narrow clamp spacing. 
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Weld 
No. 

TABU 10 - FS-85 Sheet, TIG Butt Weld Parameters 

Weld Width 
Top/Bott om 
( I d  

0. u/o. 11 
0.17/0.15 

0 15/0.U 

0. U/O. ll 

CCQlUiLWtS 

Visual 
Inspection Cheuk 

Negative Negative 

Negative I 1/16” HAZ 
Crack 

Edge Flash::: 1 Negative 

Edge Flash Negative 

Note: 

(1) 

Atmosphere monitored (4 5 ppm O2 andc3 p p  mistwe) 

Believed t o  result from narrow clamp spacing. 
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TABLE ll - SCb-291 Sheet. TIG Butt Weld Parameters 

Weld 
No. 

1 

2 

3 

4 

Weld Width 
Top/Bottom 

( Inch 1 
~ ~~~ 

0.15/0.13 

0 . 18/0.16 

0.16/0.15 

o.l3/o.ll 

conrmeats I 
visual 

Inspection 

Negative 

1/8“ HAZ 
Crack 

me Flash(’) 

Edge Flash(’) 

w 
Check 

Negative 

1/8” HA2 
Crack 

Negative 

Negative 

Note: 

(1) 

Atmosphere monitored ( L 5  ppm 02 and43 ppm moisture) 

Believed t o  result from narrow clamp spacing. 
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Weld 
NO. 

1 

2 

3 

4 

Weld Width 
Top/Bottom 

(Inch) 

TABLE l.3 - Ta-lW Sheet, TIG Butt Weld Parameters 

COEnneIlts 

Inspection 

---rl-- 

0.18/0.18 

0.16/0.15 

O.l4/0.08 

O.l3/0.08 

Negative Negative 

Negative Negative 

Negative Negative 

we Flash Negative 
v 

Note: Atmosphere monitored ( 4 5  ppm O2 and43 ppm mistme) 

(1) Believed to  result from narrow clamp spacing. 
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data are presented without cement. 
w i l l  be deferred u n t i l  a more complete and comprehensive analysis is possible. 

Discussion and interpretation of results 

In the tabulated weld parameter data for TIG welds freqnent edge 
flashing was noted when using narrow clamp spacing (1/4 inch). 
resulted from occasional arc  sticking on the copper chill bars. In future 
welds the  copper inserts wfll be replaced with molybdenum t o  permit namow 
weld clamping. 

'Phis apparently 

3. Weld Restraint Tests 

Two types of weld restraint tes ts  are being made on each alloy. A 
A bead-on- 

Drawings of the t e s t  
circular groove rest raint  test is  being used for plate  material. 
plate patch test is being used f o r  t h e  sheet material. 
specimens w e r e  presented in a previous report.1 

Weld restraint  tests were  completed fo r  both plate and sheet of 

radiography and dye- 
These 

seven alloys. A l l  patch 
t e s t s  were examined visually a t  30% and inspected 
penetrant testing. 
indications were not listed as "positive" since they could have been eI3ad.n- 
ated by w e l d  current tailing. B-66 had a positive indication of a l/8 inch 
weld s t a r t  crack in both radiographic and dye-penetrant testing. Positive 
indications i n  -85 radiographs w e r e  traced t o  weld texture, not defects. 
Considerable diatortion, indicating the severity of weld stresses, was noted 
on a l l  samples. 
There appears t o  be l i t t l e  difference in weld distortion among these alloys. 
The FS-85 and B-66 patch tests are shown in Figure 36. Other specbens were 
included i n  the Second Quarterly Report.2 

Results of these tests are summarized i n  Table 34.  

All welds had indications a t  weld end craters. 

Mstortion measuremats were made and are listed in Table U. 

The circular groove plate weld data are a lso  sham in Table l.4. A l l  

These specimens were welded with a f i s ion  root pass ( t o  increase 
specimens welded satisfactorily.  
through 40. 
the effective weld  depth) and two additional passes using fi l ler  metal. 

The completed welds are shown i n  Figures 37 

1. Monitoring Systenn Performance 

High moisture levels previously reported were eliminated by removing 

This eliminated the ap rent moisture contamination Pram the 
the Moisture Monitor from the manifold and instal l ing it direct ly  t o  t h e  
w e l d i n g  chamber. 

length of the 0.055 inch I.D. stainless s teel  sampling l iae with the meter 
connected i n  t h i s  manner is 36 inches. 

cornmoll sampling purty, and msnlfold syst  2 and improved response. The t o t a l  

Brazed or soldered coxinections were not 
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B-66 As Welded 

53564 
FS-€35 

53564 
B-66 Dye Penetrant 

53564 

Inspected FS-85 

FIGURE 36 - FS-85 and B-66 Bead-on-Plate Patch Tests 
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126-3 

Test 

43658 

FIGURE 37 - Ta-1OW Circular Groove Restraint 
and Sample Butt  Welds 
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126 126- 5 

B-66 

156-4 156-1 

FIGURE 38 - G43 and E 6 6  Circular Groove Restraint  Tests and 
Sample B u t t  Welds 
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Cb-752 
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FS-85 

156-5 156-3 

FIGURE 39 - Cb-752 and FS-85 Circular Groove Eestraint Tests 
and Sample Butt Welds 
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FIGURE 40 - C-129Y and SCb-291 Circular Groove 2 e s t r a i n t  Tests 
and Sample btt Welds 
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used. 
immediately after backfilling, remining below 1 ppm f o r  1 t o  2 hours. 
moisture monitor data described i n  t h i s  report w e r e  obtained with t h i s  
mudificat ion. 

Following t h i s  change, readings of zero water content were obtained 
All 

2. Weld Chamber Glove Tests 

Three types of gloves, PO-1 chloride, neoprene, and butyl 
rubber, w e r e  Functionally tested for oxggen and water vapor permeability. 
The chamber was normally evacuated and backfilled with helium, and crorygen 
and water vapor levels were monitored for periods up t o  24 hours. 

Pigare 4 l  s h m  the increase i n  chamber atmosphere oxygen with 
time. The data available t o  date indicate that glove composition has 
l i t t l e  effect  on oxygen contamination of chamber atmosphere since all gloves 
showed a significant contamination r a t e  over the sealed, without glovee, 
chamber. 
glove permeability since the ultimate vacuum prior t o  backfilling does not 
have a significant effect  on the r a t e  of contamination. 

The gradual increase i n  oxygen level  apparently is  related t o  the 

Figure 42 s h m  the change i n  chamber water vapor level with t h e .  
O f  irmaediate interest  is t h e  significant relationship of ultiarate chamber 
B~CUUIII t o  contamination rate. 'Rro greatly different contamination rates  
were obtained fo r  neoprene gloves, the one with a lower rate having been 
evacuated, backfilled with helium, and evacuated again t o  1.5 x 10-5 Torr, 
The evacuation procedure f o r  the high contadnation rate consisted of a 
single evacuation cycle t o  2.5 x 10-5 Torr including a heat lamp chamber 
takeout. 

Significantly lower water vapor contamination rates have been 
obtained following evacuation t o  lower ultimate vacuum. 
relationship is not known, the  following effects are thought t o  occur: 

Although the exact 

1. The lower pressures remove more sorbed w a t e r  vapor from 
the chamber, gloves, and tooling and outgassing of the 
resultant cleaner surfaces following backfilling i8  de- 
creased. 

2, Pumping t o  lower pressures removes more sorbed water vapor 
as above, and the cleaner surfaces have a substantial 
capacity t o  resorb water vapor e i ther  brought i n  with t h e  
initial charge of helium o r  gradua- diff'used through the 
gloves and seals. 
action seams t o  occur since lower water vapor mea~urements 
have been obtained from t h e  backfilled chamber (861.0 ppm) 
than those obtained directly from a helium bot t le  (2.5 p p ) .  

A signFficant sorption or  pump- 
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FIGURE 4 l  - Atmosphere Decay Curve Measuring Oxygen 
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The following general observations on glove behavior w e r e  made: 

Neoprene: 
pressure of 6 x 10-6 Torr. 
was law enough t o  allow up t o  8 hours of welding time with the 
oxygen and water vapor levels below 5 ppm. 
insulating properties of neoprene were compatible with manual 
'PIG welding using a high frequency arc start. 

Neoprene gloves behaved sat isfactor i ly  under a vacuum 
Permeability t o  oxygen and water vapor 

The e lec t r ica l  

Severe blackening of copper tooling was observed d m  the 
chamber evacuation cycle. 
the  contaminant was su l fur  which apparently outgases from the 
neoprene gloves a t  low pressures and reacts with the copper t o  
form sulfides. 
in a l i n e  of sight path fromtbe gloves during evacuation, a l l  
tooling and spechens w e r e  wrapped i n  alumbum f o i l  u n t i l  the 
chamber was backfilled. With t h i s  precaution no visual contamina- 
t ion  of the  copper t o o m  occurred. 

Spectrographic examination indicated 

Since observation showed the contaminstion spread 

Polyviny 1 Chloride: 
o w  substance daring evacuation which coated the inter ior  surfaces 
of the chamber and sight port. 
two separate tests of PVC gloves and was totally absent fram identi- 
cal tes ta  of neoprene and butyl rubber gloves. The o i l  is probably 
a plasticizer used i n  t h e  PBC glove manufacturing process. 
present evacuation procedure includes a heat lamp chamber bakeout 
and the  higher glove temperature may aggravate glove volatization 
problems. 
cycle was noticeably poorer when using the  PVC gloves, appare3ltI.y 
being limited the plasticizer vapor pressure. PVC gloves w i l l  
not be used i n  the welding program f o r  t h i s  reason. 

PVC gloves released a considerable amount of 

The o i l  evolution was observed on 

The 

The ultimate vacuum obtainable during the evacuation 

Butyl Rubber: 
demonstrated good tracuum s t ab i l i t y  and gas permeability equal t o  
neoprene. Unusual outgassing under vacuum was not observed. How- 
ever, the particular type tested had poor dielectr ic  propertie8 and 
were unsuitable f o r  welding. 
probably be tested i n  the future. 

@e pair of butyl rubber gloves was evaluated. These 

Other types of butyl rubber gloves w i l l  

3. Helium Purification System 

The use of a recirculating purification system is being considered for 
TIG welding. 
a chamber atmosphere recirculator or supply purifier was initiated. The 
system, manufactured by Ehgelhard Industries, i s  equipped with a self-contained 
recircalator pump providing a system recirculating capacity of 600 scfh. 
Liquid nitrogen cooled charcoal and molecular sieve columns a re  designed 

Eaaluation of an adsorbent bed helium purif ier  f o r  use as  e i ther  
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t o  remove inpurities t o  1 ppn and dual purification columns allow automatic 
vacuum bakeout regeneration for continuous operation. 

A short time recircalation-purification test was run and the 
performance is shown on Figure 43. The chamber was evacua%ed, backfilled 
with helium, and the purged recirculator was turned on. The initial high 
imparity level  is apparently caused by residual gas i n  the  purifier and a 
continuously operated purifier would avoid t h i s  problem. After one hour 
of operation, a gas sample of the chamber atmosphere was obtained f o r  which 
the mass spectrometer analysis is shown i n  Table 15. All impurity levels 
were comparable t o  a normel backfilled chamber analysis with the exception 
of nitrogen which is nearly twice as high as expected, indicating the 
purif ier  was not removing nitrogen as effectively as oxygen and water vapor. 
Future tests wil l  be run over a longer period of t h e  allonlng optimiring 
adjustments of regeneration time and temperature t o  be made. 

D. EQUIPMENT CHECKOUT 

1. Ultra High Vacuum Aging Furnaces 

Four aging furnaces have been delivered and are presently being 
installed.  
for ultra high vacuum performance. 
organic materials fo r  high vacuum pumping or  sealing. 
ion pump is used fo r  high vacuum pumping. 
connecting a sorption pump t o  the bakeable roughing valve. 
been made for attaching a titanium sublimation pump t o  accomodate high gas 
loads. 

A completed unit is  shown i n  Figure 44. These units are  designed 

A 500 l/sec. sputter 

Provisions have 

They are bakeable t o  250OC and employ no 

Roughing is accomplished by 

The furnace is located i n  the throat of the  sputter ion pump 
providing maximum pumping efficiency. A four inch diameter by ten inch long 
s p l i t  tube tantalum resistance heater is being used. 
shields are a l so  of tantalum while the outer shield is  a water cooled copper 
jacket . 

The inner radiation 

Temperature control can be accomplished by sensing with either a 
furnace thermocuuple or  thermal converter. 
power input is held constant and control response is independent of the 
f’urnace thermal inertfs and is  consequently fas te r  than possible using thermo- 
couple control., Furnace temperature s tab i l i ty  was demonstrated by operating 
with thermal converter control under varying line voltage conditions, Figure 
45, and with varying cooling water temperature, Figure 46. The thermal con- 
vertem control proved adequate fo r  both types of ambient fluctuation. 

During f a c t o q  checkout a pressure of 1.4 x 10-9 Torr w88 obtained 

With thermal converter control, 
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FIGURE 43 - Helium Purifier Performance 
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TABLE 15 - Mass Spectrometer Analysis of Purified Helium 

Element P P  

N2 

Chlorinated Hydrocarbon 

Ne 

02 

c02 
A 

H2 

H2° 
Total 

19.09 

7.8 

5.3 

2.7 

0-9 

0. 5 

0.4 

0.0 

36.6 
- 

* Normal 4:l ratio would be 10.8 ppm 



FIGURE 44 - Ultra High Vacuum Aging Furnace 
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a t  2500OF following bakeout at  480°F with sputter ion puntping. 
addition of titanium sublimation pumping a pressure of less than 6 x 10-10 
Torr was obtained at  3270OF. 
gages. Check gage calibration tests a t  these pressur demon8trated that 
scmewhat luwer readbgs, 8 x Torr respectively, 
are obtained using a Keisman gage. 

With the 

Pressure measurements w e r e  made with nude ion 

Tom and 2.5 x 

2. Weld Contamination Evaluation 

A n  effor t  was made t o  determine the  relat ive w e l d  contamination of 
helium atmosphere TIG welding and electron beam w e l d i n g  at  various charaber 
pressures . 

Two measurauents of weld contamination were used: 
of weld metal f o r  interstitial content and weld bend ductile-brit t le transi- 
t ion  temperature. 
contamination and ductile-brittle behavior respectively. The solid solution 
strengthened SCb-291 (Cb-10W-10Ta) was used t o  raFnimirte the unpredictable 
ducti le-brit t le t ransi t ion effects observed i n  alloys containing reactive 
elements ( Z r  or Hf) which tend t o  "getter" the interstitial contaminants. 
Table 16 outlines the evaluation progrsm. 
for  nitrogen and oxygen analyses, six over-lapping electron beam passer were 
made t o  produce a t o t a l  bead width equal t o  the 0.250 inch TIG pass. 
weld parameters are l i s t ed  in Table 17. 

chemical analysis 

Pure Cb and SCb-291were used t o  m e a s u r e  i n t e r s t i t i a l  

To obtain sufficient weld m e t a l  

Complete 

Cross sections of the pure columbium welds were examined for hard- 
ness variation as shown i n  Figure 47. 
welding produced a coarse grained base metal structure that was impossible t o  
distinguish from the heat affected zoneo 

Recrystallization treatment prior t o  

The TIG weld cross section exhibited s l ight ly  higher hardness values 
than the EE welds. 
ponds t o  a Viclcers hardness value of 80.3 
was 75 t o  80 DPH. 

The m e a s u r e d  base metal oxygen content of 150 ppm corres- 
The measured base m e t a l  hardness 

Table 18 lists the m e a s u r e d  oxygen and nitrogen levels of the 
columbium m e t a l  f o r  the three electron beam w e l d i n g  conditions. 
o2 and 19 analysis were sectioned entirely from t h e  weld m e t a l .  
was obta%ed by vacuum fusion analysis and nitrogen was m e a s u r e d  by the  Kjeldahl 
method. 

Samples for 
Ckygan content 

No significant change in either nitrogen or oxygen content was 
observed in the  three E33 welds .  The indicated nitrogen content was s l igh t ly  
higher in a l l  three than in the base metal and curygsn levels were apparently 
reduced although the data is a l l  within the  range of analysis reproducibility. 
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TABLE 16 - Weld Contambation Evaluation Program 

Welding Conditions 

TIG Weld 

Specimen Identification 

Cb SCb-291 (Cb-1W-1OTa ) 

Cb-TIG SCb-TIG 

I I I EB Welds 

1 x Torr 
1 x 10-4 Torr 
1 x 10-5 Torr 

Cb-3 
Cb-4 
Cb-5 

scb-3 
scb-4 
SCb-5 

TABU 17 - Parameters f o r  Weld Contamination Tests 

- 
TIG delding Paranet ers 

O.06Of1 electrode 

0.020!' arc  gap 

16 volts 

80 amps 

1 5  ipm 

5120 Joules/inch 

0.230 I1/O. 230 I1 bead width 

Chamber Atmosphere 

Cb - 2 . 5 ~ ~  02 

SCb-291 - 2.5ppm 02 

- 
EB iteld Parameters 

100 K.V. 

5 14. A. 

0.050:' transverse deflection 

25 ipm 

1200 Joules/inch 

Bead Width 

0.060 "-0.050 .@ Torr 

0.050 'l-O.05O1* d Torr 

0.0501!-0.04011 d Torr 
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TABLE 18 - Nitrogen and w g e n  Analysis of Columbium Welds 

Weld 

Base Metal 

EB 1 x Torr 

El3 1 x Torr 

EB 1 x Torr 

02 N2 
PPm PPm 

150 4.0 

120 50 

150 60 

140 50 
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As a farther comparison of the relat ive contamination and embrittle- 
ment characteristics of TIG welds and EB welds at  various chamber pressures, 
longitudinal and transverse bend t e s t s  were obtained for typical welds i n  
SCb-291. A comparison of the bend test results, Figure 48, shows no signifi- 
cant difference between the EB w e l d s  at three chamber pressurea, but the  
longitudinal bend test of the  TIG weld does show a higher transit ion tempera- 
ture. In a l l  but one of the transverse b r i t t l e  bends, t he  fracture occurred 
in the  heat affected zone indicating this area t o  be lese  ductile than the  
weld. This tends t o  explain t h e  behavior of the  TIG w e l d  bend tests which 
axhibit ducti le transverse bending t o  liquid nitrogen temperature (-320OP) 
since the large weld bead s iee  (0.200 inch) permits most of t he  straining t o  
occur i n  the  w e l d  metal. The longitudinal bend, which egaally strains the 
weld metal and heat affected erne, ini t ia ted fractures in the heat affected 
zone at higher temperatures. 

In general, these tests demonstrated that electron beam welds of 
Cb and SCb-291 made with different chamber pressures have no significant 
difference in w e l d  bend behavior or oxygen and nitrogen contamination. 
SCb-291 TIG weld bend behavior differed from the EB w e l d s  in that t h e  
transverse bends were ductile t o  -320OF while longitudinal bend testing 
resulted in  a 75°F increase in transition temperature. 
was noted in El3 weld duc t i l i ty  and transverse TIG w e l d s  were ducti le t o  -320°F, 
it appears tha t  weld atmosphere puri typer  se, over the r a q e  evaluated, did 
not affect  t h e  bend transit ion termperature. wgen and nitrogen analyses of 
TIG w e l d s  made i n  pure columbium and selected program alloys are  i n  process. 

The 

Since no difference 
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IV. FUTUREWORK 

Weld parameter optimi&ation studies nil1 continue f o r  the seven 
alloys discussed i n  t h i s  report. 
alloy f o r  which delivery is now complete and also AS55 and T-222 should 
these become available. 
evaluation, alloys w i l l  be screened for satisfactory post weld anneals. 

Welding studies will be in i t ia ted  i n  W-25 Be 

Upon the  selective completion of the  weld parameter 

Fabrication and evaluation of plate  weldments will also be 
ini t ia ted.  

Checkout of the  aging Fwlraces should be complete and ready for 
thermal s t a b i l i t y  screening of the alloys. 
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